■(^00'bO)2>C?l'bg 


REPORT  DOCUMENTATION  PAGE 


7 OflH  AOOTQHOG 
QM*  Ho.  0704-01 M 


la.  REPORT  SECURITY  CLASSIFICATION 
lassified 


2a.  SECURITY  CLASSIFICATION  AUTHORITY 


2  b.  OEGLASSIFKATION/OOWNGRAOING  SCHEDULE- 


4.  PERFORMING  ORGAN  IZAnON  REPORT  NUMBER(S) 


ID.  RESTRICTIVE  MARKINGS 


i.  distribution/ availability  oi-  report 
Approved  for  public  release; 
distribution  unlimited 


S.  MONITORING  ORGANIZATION  REPORT  NUMBER(S) 


is.  MAMS  OP  PERFORMING  ORGANIZATION 

University  of  Maryland 

of 


6c  AOORESS  (Cry,  Sfstw,  and  ZIP  Coot) 
Baltimore,  MD  21201 


SO.  OFWOS  SYMBOL 

(If  4QtHK*Otst 


7s.  NAME  OP  MONITORING  ORGANIZATION 


7b.  AOORESS  (Gty.  SUM.  *no  ZIP  Coot! 


Sa  NAME  OP  MJNOING/  SPONSORING 

organization^  .  3 .  Army  Medical 
Research  &  Development  Comman 


ec  aooress  (Oty,  sun.  Ana  iircotm 
Port  Derrick 

Frederick,  Maryland  21701-5012 


9.  PROCUREMENT  INSTRUMENT  lOENTIPtCADON  NUMBER 


DAMD17-34-C-4219 


10.  SOURCE  op  funding  numbers 


PROGRAM 
ELEMENT  NO. 

S1102A 


PROJECT 

TASK 

'*•  3M1- 

NO. 

61102BS11 

AA 

12.  PERSONAE  AUTHOR(S) 

Edson  X.  Albuoueroue. 


M.D. .  ?h. 


12a  TIME  COVERED 
PROM  q/is/asTQ  om/gr 


Approaches 


1A.  OATE  Of  REPORT  (TMr.Ai 

1937  Januarv  10 


\.Otyt  IIS.  PAGE  COUNT 

47 


COSAT1  COOES 


GROUP 


IS.  SUBJECT  TERMS  [Comnus  on  mono  if  nonttsrr  sna  unwy  or  aJoot  rwmonrl 
%hollnastsrssa,  orgsnophoaphorus  agents,  scstvlcholine. 
nicotinic  reesptor-ion  channel  comolex,  desensltlzatlon, 
oximes,  irreversible  cholinesterase  inhlbitorSj  oximes  ,  O' rV 


19.  ABSTRACT  (Comnus  on  rousrm  if  ns<sstsnf  *rm  lOsrmff  Of  Oloe*  numoso  7  j 

- 5^  \  / 

Studies  during  ehe  past  year  have  been  focused  on:  s)  continuing  the 
investigation  of  cha  orgsnophoaphorus  compounds  (OPs)  on  ths  chamosansitlvs 
racapeors  loesesd  at  various  synapses;  b)  attempting  to  discern  the  active 
sices  of  the  receptor- ton  channel  complexes  involved  in  sccivscion, 
daaenaitization  and  blockade;  cy-- establishing  the  concentration  gradients 
for  various  noncompetitive  antagonists  for  production  of  states  of  activa¬ 
tion,  Inactive  cion  and  blockade  of  th«xrecepcar-chsnnel  mscromolecule;  d) 
delineating  avenues  of  tasting,  in  in  vivo  and  in  viero  conditions,  nev 
agents  which  will  be  proven  effective  in  alleviation  of  symptomatology  and 
intoxication  produced  by  OPs;  e)  reco*sndingNan  agent  or  combination  of 
agents  which  will  be  prophylaecically  and  therapeuhically  effective  against 
OP  Lncoxicscion.^^A,.  ) 


20.  OISTRIBUnON  /  AVAJIAilUTY  OP  ABSTRACT 
_ C  UNCLMSIPIEO/UNUMITEO  'J2  SAME  AS  R RT 


22a.  MAMS  OP  RESPONSIBLE  INOIVIOUAL 


one  USERS 


21.  ABSTRACT  security  classification 
Unclassified 


r 


18.  alectrophysiological  investigations,  'agonises,  neuromuscular  junction 


The  Molecular  Target a  of  Selected  Organophosphorus  Coapounda  ae  Nicotinic, 
Muscarinic,  GABA,  and  Glutamate  Synapaaa:  Acuta  and  Chronic  Studios 
Including  Prophylactic  and  Tharapautic  Approaches 


ANNUAL  REPORT 

September  IS,  1985  -  September  14,  1986 


By  Dr.  E.X.  Albuquerque 


Supported  by: 


U.S.  ARMY  MEDICAL  RESEARCH  AND  DEVELOPMENT  COMMAND 
Fort  Detrick,  Frederick,  Maryland  21701-5012 


Contract  No.  DAMD17-84-C-4219 


University  of  Maryland 
Baltimore,  Maryland  21201 


ACCUSV  .-1  ror 

f  Nris 

lA 

0 1  iC  •  '!  A 0 

U 

Uiitifindii  i  -f»d 

□ 

Jti'-, titir. 

By  . 

■ 

. 


F  i - •  - - 


Dot 


fi-f 


"l  •)''  i ;  <m 
iivcvi 


Approved  for  public  release;  distribution  unllaited. 


Tha  findings  of  this  report  are  not  to  be  construed  as  a  Department  of  the 
Army  portion  unless  so  designated  by  other  authorized  documents. 


1 


A.  Summary  .  4 

B.  Forward . 4 

C.  Methodology  .  4 

0.  Da called  Report  . 7 

E.  Rafaranca  List  .  45 

Figura  1.  Effaces  of  soaan  and  sarin  on  EPCs  racordad  from  frog 
sciatic  nerve- sartor ius  muscla  preparation  .  16 

Figura  2.  Effects  of  VX  and  tabun  on  E?Cs  racordad  from  frog 
sciatic  narva -sartor ius  muscla  preparations  .  17 

Figura  3.  Effect  of  VX  on  the  frequency  of  spontaneously  occur* 
ring  MEPCs  racordad  from  frog  sartorlus  muscla  .  18 

Figure  4.  Effect  of  soman,  sarin  and  tabun  on  MEPC  peak  ampli¬ 
tude  recorded  from  frog  sartorlus  muscla  in  the  presence  of  3  x  10* 1  M 
tetrodotoxin  . , .  19 

Figure  3.  Effect  of  soman,  sarin  and  tabun  on  MEPC  decay  time 
constant  racordad  from  frog  sartorlus  muscla  in  the  presence  of 
3  x  10* T  M  tatrodotoxin  .  20 

Figure  6.  Samples  of  ACh-activated  channel  currents,  racordad 
from  frog  interosseal  muscle,  in  the  presence  of  various  concentra¬ 
tions  of  VX  .  21 

Figure  7.  Open  time  histograms  of  channel  currants,  recorded 
from  frog  interosseal  muscla,  activated  by  ACh  in  the  presence  of 
VX  . 22 

Figura  8.  Voltage*  and  concentration-dependant  affects  of  VX 
on  the  channel  open  tines,  recorded  from  frog  interosseal  muscle  .  23 


Figura  9.  Samples  of  ACh-activated  channel  currents,  recorded 
from  frog  interosseal  muscle,  in  the  absence  and  presence  of  sarin  ....  24 


Figura  10.  Effect  of  pyridostigmine,  sarin  and  VX  on  dasensi- 
tlzation  in  the  soleus  muscle  . . . . .  25 

Figure  11.  Effects  of  2-PAM  on  EPC  peak  amplitude  and  time  con¬ 
stant  of  EPC  decay  (rgpc).  recorded  from  frog  sartorlus  muscle  .  26 

Figure  12.  Effects  of  HI-6  on  EPC  peak  amplitude  and  rgpe. 
recorded  from  frog  sartorlus  muscle  . . . .  27 

Figure  12.  Soman- 2 -PAM  interaction  as  exhibited  by  their  effects 
on  EPC  parameters  recorded  from  frog  sartorlus  muscle  .  28 

Figure  14.  Sonan-HI-6  interaction  as  exhibited  by  their  effects 
on  EPC  parameters  recorded  from  freg  sartorlus  muscle  .  29 

Figure  15.  VX-HI-6  interaction  as  exhibited  by  their  effects 
on  EPC  parameters  recorded  from  frog  sartorlus  muscla  .  30 


31 


Figure  16.  Interaction  of  2 -PAH  with  reversible  AChE  inhibitor 
on  rgpc  recorded  from  frog  sartorius  muscle  . 

Figure  17.  Sensitivity  of  the  extrajunctional  region  of  the 
chronically  denervatad  soleus  nuscle  of  the  rat  to  sicroiontophor- 
etically  applied  ACh  in  the  presence  of  2-PAM  (A)  and  HI-6  (B)  .  32 

Figure  18.  Frequency  of  channel  opening  activated  by  ACh  in 
the  absence  and  in  the  presence  of  2-PAM,  recorded  from  frog  inter¬ 
osseal  nuscle  . .  33 

Figure  19.  Samples  of  ACh- activated  channel  currents .  recorded 
from  frog  interosseal  nuscle  in  the  presence  of  various  concentre-, 
tions  of  2-FAM  . .  . .  34 

Figure  20.  Samples  of  ACh-activated  channel  currents,  recorded 
from  frog  interosseal  muscle  in  the  presence  of  various  concentra¬ 
tions  of  HI-6  . 35 

Figure  21.  Open- tine  histograms  of  channels  activated  by  ACh 
in  the  presence  of  2 -PAM  and  HI- 6,  recorded  from  frog  interosseal 
muscle  . 36 

Figure  22.  Myopathic  changes  in  rat  soleus  muscle  after  sarin 
Injection  and  protection  by  (•)  and  (+)  physoatigmine .  37 

Figure  23.  Concentration-  and  voltage-dependent  effects  of  (+) 
physoatigmine  on  the  current  amplitude  and  the  decay  time  constant 
of  che  EPCa  recorded  from  frog  sartorius  muscle  .  38 

Figure  24.  Samples  cl  single -channel  currents,  recorded  from 
frog  interosseal  muscle,  activated  by  10  pH  and  20  pH  (+)  physo- 
stigmlne  alone  in  the  patch  pipette  and  by  ACh  in  che  presence  of 
5  pH  and  20  pH  (+)  physoscigmine .  39 

Figure  25.  Effects  of  (+)  physoscigmine  on  the  open  tines  of 
ACh-activated  single -channel  currents  recorded  from  frog  inter¬ 
osseal  muscle  . . . 40 

Figure  26.  Concentration-  and  voltage -dependence  of  peak 
amplitude  and  decay  time  constant  of  EPCs  recorded  from  frog  sar¬ 
torius  muscle  in  the  presence  of  high  concentrations  of  (-*■)  meca- 
mylamine  .  41 

Figure  27.  Concentration-  and  voltage -dependent  effects  of  (•) 
mecamylamine  on  EPCs  recorded  from  frog  sartorius  muscle  .  42 

Table  1.  Effect  of  2 -PAM  on  VX- induced  acetylcholinesterase 
inhibition  in  frog  sartorius  muscle  .  43 

Table  2.  Influence  of  pretraataent  with  carbamates  on  subjunc- 
clonal  lesions  Induced  by  a  lethal  dose  of  sarin . .  44 

Distribution  List  . 47 


3 


A.  SUMMARY: 

Studies  during  the  paac  year  have  bean  focuaad  on:  a)  continuing  the 
investigation  of  the  organophosphorus  coiapounda  (OPs)  on  tha  chemosensitive 
receptors  located  at  various  synapses;  b)  attempting  to  discern  the  active 
sites  of  the  receptor* ion  channel  complexes  involved  in  activation, 
desensitization  and  blockade;  c)  establishing  the  concentration  gradients 
for  various  noncompetitive  antagonists  for  production  of  states  of  active* 
tion,  inactivation  and  blockade  of  the  receptor-channel  macroaolecule ;  d) 
delineating  avenues  of  testing,  in  in  vivo  and  in  vitro  conditions,  new 
agents  which  will  be  proven  effective  in  alleviation  of  symptomatology  and 
intoxication  produced  by  OPs;  a)  recommending  an  agent  or  combination  of 
agents  which  will  bs  prophylactically  and  therapeutically  effective  against 
OP  intoxication. 

B.  fSggflBtti 

In  conducting  the  research  described  in  this  report,  the  investigators 
adhered  to  the  "Guide  for  the  Care  and  Use  of  Laboratory  Animals,"  prepared 
by  the  Committee  on  Care  and  Use  of  Laboratory  Animals  of  the  Institute  of 
Laboratory  Animal  Resources,  National  Research  Council  (DHEW)  Publication 
No.  (NIH)  78-23,  Revised  1978). 

C.  METHODOLOGY: 

Electrophvsiologlcal  techniques : 

Tissue  preparations,  solutions  and  drugs.  All  data  were  collected  at 
room  temperature  (20-22°C)  from  sartorius,  cutaneous  pectoris  and  10°C  from 
interosseal  muscles  of  the  frog,  Rana  pjpiens.  or  from  chronically 
denervated  (7-14  days)  soleus  muscle  of  the  Ulster  rat  (180-200  g) .  The 
physiological  solution  used  for  the  frog  muscles  had  tha  following 
millimolar  composition:  NaCl,  116;  KC1,  2.0;  CaCl2,  1.8;  J^HPO^,  1.3;  and 
NaH2P04 ,  0.7.  The  frog  Ringer's  solution  was  bubbled  with  100%  O2  and  had 
a  pH  of  6. 9-7.1.  The  physiological  solution  for  mammalian  muscle  had  the 
following  millimolar  composition:  NaCl,  135;  KCl,  5.0;  MgCl2,  1.0;  CaCl2, 
2.0;  NaHC03,  15.0;  and  Na2HP04,  1.0.  During  experiments  this  solution  was 
continuously  aerated  with  95%  ©2/5%  CO2,  and  the  pH  was  7. 1-7.2. 

Twitch  studies.  Twitch  studies  vers  performed  on  frog  sartorius 
muscle  with  sciatic  nerve  attached.  Direct  muscle  stimulation  was  applied 
by  platinum  bipolar  electrode,  using  supramaximal  square -wave  pulses  of  2-3 
msec  duration.  Indirect  stimulation  was  applied  via  the  sciatic  nerve  by 
a  separate  platinum  bipolar  electrode,  using  supramaximal  square-wave 
pulses  of  0.05-0.1  msec  duration.  Indirect  stimulation  volleys  were 
applied  at  a  frequency  of  0.2  Hz.  To  study  direct  evoked  muscle  twitch, 
neuromuscular  transmission  was  blocked  by  alpha-bungarotoxin  (a- BCD  (5 
/jg/ml) .  In  all  experiments  the  sartorius  muscle  was  allowed  to  equilibrate 
under  stimulation  for  20-30  min  before  addition  of  drug.  For  each  drug 
concentration,  the  duration  of  exposure  was  chosen  to  allow  maximal  effects 
to  be  observed;  the  exposures  ranged  from  15  to  45  min  with  maximal  effects 
usually  occurring  10-20  min  after  the  addition  of  a  new  drug  concentration. 
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Endnlata  current  analysis.  Frog  sarcorlua  muscles  with  nerve  attached 
wara  traatad  with  400*600  mM  glycerol  to  disrupt  excitation* contraction 
coupling.  The  voltage-clamp  circuit  was  similar  to  Chat  of  Takeuchi  and 
Takauchi  (1)  as  modified  by  Kuba  at  al.  (2).  The  membrane  voltage  sequence 
for  endplata  currant  (EPC)  experiments  consisted  of  10*mV  conditioning 
steps  made  in  both  depolarizing  and  hyperpolarizing  directions  throughout 
the  range  of  +60  to  *160  mV.  Occasionally,  larger  steps  ware  used  to  check 
for  hysteresis  (for  details  sea  raf.  3).  Each  conditioning  step  was  3  sac 
in  duration;  at  tha  and  of  aach  conditioning  step,  an  EPC  was  alicited  by 
narva  stimulation.  Tha  EPC  waveforms  ware  displayed  on  an  oscilloscope  and 
digitized  at  10  kHz  by  a  POP  11/40  minicomputer  (Digital  Equipment 
Corporation,  Maynard,  Massachusetts) .  The  rise  times  and  peak  amplitudes 
vare  obtained  directly  from  the  digitized  EPC  data.  The  decay  phase  (80%- 
20%)  was  fit  by  a  single  exponential  (linear  regression  on  the  logarithms 
of  the  data  points)  from  which  the  EPC  decay  time  constant  (rgpc)  was 
determined. 

Miniature  EPC  and  EPC  fluctuation  (noise)  analysis.  For  spontaneous 
miniature  endplata  current  (MEPC)  and  EPC  fluctuation  experiments,  the 
signals  ware  sampled  at  tha  junctional  region  of  surface  fibers  of  the 
cutaneous  pectoris  muscles,  using  conventional  techniques  for  recording  and 
analysis  (3*5).  Unfiltered  signals  were  recorded  on  an  FM  tape  recorder 
(Racal  4DS ,  Vienna,  Va.)  and  displayed  on  a  Mlngograf  81  chart  recorder 
(frequency  response  dc-700  Hz).  MEPCs  were  filtered  (1-2500  Hz)  by  a 
bandpass  filter  (Krohn-Hite  3700,  Avon,  lia.)  and  briefly  stored  in  a 
digital  oscilloscope  (Gould  OS4000,  Greenbelt,  Md. )  before  being 
transmitted  to  the  PDP  11/40  computer  for  signal  averaging  and  analysis. 
The  acetylcholine  (ACh) -induced  noise  was  displayed  as  a  low-gain  dc  trace 
on  the  Mlngograf  for  mean  current  measurement  and  at  high- gain  on  the  FM 
tape  recorder  for  current  fluctuation  measurement.  The  high-gain  noise 
signal  was  filtered  from  1-800  Hz  and  digitized  at  2  kHz.  After  records 
containing  either  MEPCs  or  electrical  artifacts  ware  removed,  a  Fourier 
analysis  was  performed  on  512 -point  samples.  Each  spectrum  is  the 
difference  between  the  average  of  about  30  baseline  ind  30  ACh  spectra. 
The  power  density  spectrum  of  the  noise  was  fit  to  a  single  Lorentzian 
function  using  a  nonlinear  regression  program.  The  single-channel  lifetime 
(rj)  was  obtained  from  the  half-power  frequency  (fc)  of  the  Lorentzian 
curve  (rj  -  l/2irfc) .  The  single-channel  conductance  (7)  was  calc  u  1  a  t  a  d 
using  the  expression: 


7  -  S(0)  /4  M(Va  -  Vaq)r!, 

where  /i  is  the  mean  dc  current,  Vn  is  the  holding  potential,  Veq  -  -15  mV 
is  the  equilibrium  potential,  and  S(0)  is  the  zero- frequency  asymptote. 

Double-barrel  ACh  aicrolontoohoresis .  The  details  of  this  technique 
have  been  described  previously  (6) .  Both  barrels  of  a  double-barrel 
microiontophoretic  pipette  were  filled  with  1  M  ACh.  One  barrel  of  the 
micropipette  was  used  for  aicroiontophoresis  of  a  long  (30  sac)  condition¬ 
ing  charge  to  release  ACh,  while  Che  other  barrel  was  used  to  deliver 
repetitive  (1  Hz)  brief  (50-100  /isac)  charges.  The  position  of  the  doubla- 
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barrel  micropipette  wu  adjust  ad  so  that  tha  50-jjaec  charges  applied  Co  the 
ACh  pipette  induced  a  response  of  <1.0  msec  rise  else.  A  single  intracel- 
lular  microelectrode  aeasured  Che  cranslenc  membrane  depolarizations  due  to 
ACh.  The  decrease  of  ACh  pocencial  amplitudes  delivered  at  1  Hz  during  Che 
conditioning  pulse  and  the  recovery  time  of  Che  amplitudes  after  the  end  of 
tha  conditioning  pulse  are  aaaaures  of  dasensitization. 

Isolation  of  muscle  fibers  for  patch  clamping.  Interosseal  muscles 
vers  dissected  from  the  longest  toe  of  the  hind  foot  of  the  frog  Rana 
oiolens  in  standard  Ringer's  solution.  The  procedure  for  isolation  of 
single  fibers  vas  reported  previously  (7).  Briefly,  the  muscles  were 
incubated  in  1  mg/ml  of  collagenase  (type  I,  Sigma  Chemical  Co.,  St.  Louis, 
Mo.;  2  hr,  21°C)  and  then  in  0.2  mg/ml  of  protease  (type  VII,  Sigma;  12-20 
min)  with  mild  agitation.  Fibers  were  scored  in  bovine  serum  albumin  (0.3- 
0.5  mg/ml)  and  used  within  24  hr.  Tetrodotoxin  (300  nM;  Sigma  Chemical 
Co.,  St.  Louis,  Mo.)  vas  added  to  all  solutions  used  in  patch  clamp  studies 
Co  prevent  contraction  of  the  muscle  fibers. 

Patch  clamp  recording  technique .  Microelectrodes  of  boros ilicate 
capillary  glass  were  pulled  in  two  stages  and  heat  polished  to  yield 
micropipettes  with  resistance  of  8-12  MQ.  ACh  and/or  test  drugs  were 
diluted  in  HEPES -buffered  solution  and  filcared  through  a  Millipore  filter 
before  filling  the  micropipette.  The  recording  bath  was  filled  with  HEFES- 
buf fared  solution  and  maintained  at  10°C.  Gigafl  seals  between  the  nonjunc- 
tional  surface  of  the  fiber  membrane  and  the  aicroelectrode  were  formed 
using  standard  tachniqua  (8).  Patch  clamp  currents  from  cell-attached 
patches  were  monitored  using  an  LM-EPC-7  Instrument  (List  Electronic, 
Darmstadt,  Vest  Germany) .  Tha  signal  was  filtered  with  a  Bessel  filter  at 
3  kHz  and  recorded  on  FM  magnetic  tape  for  later  analysis. 

For  computer  analysis ,  the  signal  was  filtered  at  3  kHz  with  a  fourth 
order  Bessel  filter  (low  pass)  and  digitized  at  0.08-msec  intervals. 
Analysis  was  done  by  PDP  11/24  and  PDP  11/40  computers  (Digital  Equipment 
Corp.)  using  a  maximum  zero-crossing  algorithm  to  establish  baselines  and 
channel  amplitudes  (9).  A  channel  opening  was  counted  when  the  current  was 
greeter  than  50%  of  the  estimated  average  channel  current.  After  an 
opening,  the  channel  was  considered  to  be  closed  when  the  currant  decreased 
to  less  than  50%  of  tha  mean  channel  current.  Open  events  which  occurred 
without  interruption  were  analyzed  for  channel  lifetime.  When  closures  of 
less  than  8  msec  occurred  between  openings,  the  openings  were  considered  to 
be  part  of  a  burst.  The  channel  lifetime  (r)  value  was  estimated  using 
unweighted  least- squares  fitting  of  a  single  exponential  function  to  the 
open  time  histograms.  The  histograms  for  closures  less  chan  8  msec  were 
fitted  well  by  single  exponential  decays. 

Tissue  preparation  for  light  mlcrosconv.  After  experimental 
treatments,  the  rats  were  anesthetized  vith  ether  and  soleus  muscles  from 
Che  left  limb  were  removed.  The  slow  twitch  soleus  muscle  was  selected  for 
study  because  it  has  been  reported  to  be  more  affected  by  sarin  than  fast 
twitch  extensor  digltorum  longus  muscles  (10).  The  soleus  muscles  were 
pinned  loosely  on  a  sylgard  plate  and  fixed  immediately  by  immersion  in  3% 
paraformaldehyde  and  1%  glutaraldehyde  in  0.15  M  cacodylate  buffer  (pH  7.2) 
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for  1  hr.  The  muscles  vara  chan  washed  and  scored  in  a  0.15  M  cacodylata 
buffar.  Junctional  region*  vara  Identified  by  reacting  tha  whole  muscle 
for  cholinesterase  (ChE)  activity,  using  ACh  lodlda  as  tha  substrata  (11). 
Identified  andplate  regions  vara  cut  into  snail  pieces  and  the  precipitate 
vas  removed  by  washing  2  to  3  days  in  0.15  M  cacodylata  buffer.  Blocks  of 
tissues  containing  the  motor  andplata  vara  postfixed  in  1%  osmium 
tatroxide,  stained  an  bloc  with  0.5%  uranyl  acetate,  dehydrated  and 
embedded  in  apon  M2.  Seal  thin  plastic  sections  (1*1.5  jin)  ware  cut  from 
longitudinally  oriented  blocks  and  stained  with  toluidine  blue  to  locate 
motor  andplatat.  Ultrathin  sections  prepared  from  these  blocks  were 
stained  with  uranyl  acetate  and  lead  citrate  and  exaninad  in  a  Zeiss  EM  109 
electron  microscope. 

Quantitative  morphometry.  Llght-microscoplc  analysis  of  semithln 
plastic  sections.  For  all  drug  treatment  groups,  the  area,  perimeter, 
width  and  length  of  myopathic  lesions  were  determined  using  a  vide'camara- 
equipped  microscope  in  which  tha  image  was  projected  onto  a  digitization 
pad  (Bioquant  system,  Nashville,  Tenn.).  A  planimeter  program  generated  a 
running  total  of  trapezoid  areas  swept  by  the  cursor.  All  the  measured 
data  from  each  group  ware  averaged  and  the  standard  error  of  the  mean  was 
cslculated.  The  two* tailed  S aidant's  £-tast  vas  used  for  statistical 
comparison  of  the  data.  The  difference  between  two  mean  values  was 
considered  significant  if  tha  probability  value  (P)  was  found  to  be  <  0.05. 


D.  DKTATLEP  REPORT: 


Comparative  study  of  the  effects  of  organophosphorus  compounds  on  frog 
neuromuscular  transmission. 

The  primary  cause  of  acuta  toxic  effects  of  OPs  had  bean  attributed  to 
their  ability  to  inhibit  the  acetylcholinesterase  (AChE)  in  an  irreversible 
manner.  Earlier  studies  from  our  laboratory  and  elsewhere  indicate  that 
both  reversible  and  Irreversible  ChE  Inhibitors  could  affect  targets  other 
than  AChE  at  the  cholinergic  synapses  and  may  also  modulate  noncholinergic 
transmission.  Since  the  neuromuscular  synapse  forms  one  of  the  key  target 
sites  of  OP  action,  it  is  essential  to  understand  how  tha  molecular  events 
underlying  heurotransmisslon  are  altered  by  OPs  in  order  to  counter  their 
toxic  effects  effectively.  During  the  second  year  of  this  contract,  we  at¬ 
tempted  to  partially  answer  this  problem  by  studying  the  neuromuscular 
effects  of  different  OPs  (soman,  sarin,  tabun  and  VX)  at  steps  between 
release  of  naurotransmittar  and  the  occurrence  of  single-channel  currant 
events . 

Experiments  were  conducted  using  frog  sciatic  nerve- sartorius  muscle, 
preparations  for  recording  of  EPCs  (Figures  1  and  2)  and  MEPCs  (Figures  3, 
4  and  5) .  Except  for  tabun,  the  ocher  OPs  at  low  concentrations  (<  1  mM) 
facilitatad,  whereas  high  doses  (>  10  fM)  of  all  four  depressed,  the  EPC 
peak  amplitude,  VX  producing  a  greater  depression.  The  time  constant  of 
EPC  decay  (rgyc)  waa  prolonged,  and  a  maximum  increase  was  achieved  with  1 
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lM  in  the  cm*  of  VX,  serin  and  tabun  whereM  soaan  produced  a  maximal 
increase  ac  a  0.1-pM  concentration.  Doses  >  1  /M  of  all  OPs  shortened  the 
rEPC  from  an  enhanced  level  already  achieved  by  a  low  dose.  At  the  1-pM 
concentration,  all  four  OPs  produced  near "maximal  enhancement  (approximate* 
ly  3  times  greater  than  control)  of  the  EPC  decay  time  constant,  whereas  at 
doses  of  10  jiM  and  above,  the  rgpc  values  appeared  lower  than  that  observed 
with  the  1-pJl  dose;  again,  a  greater  reduction  vm  observed  with  VX.  The 
enhancement  of  rgpc  can  be  attributed  to  inhibition  of  AChE,  whereas  the 
reduction  seen  with  higher  doses  appears  to  be  due  to  their  action  on  the 
acetylcholine  receptor  (AChR)-ion  channel  complex  or  to  .the  associated 
ionic  channels.  The  reduction  in  the  rgpc  seen  with  higher  concentrations 
of  VX  (particularly  at  mors  negative  holding  potentials)  is  indicative  of 
an  open  channel  blocking  action  of  the  drug. 

Ea_i  of  the  four  OPs  affected  the  MEPC  parameters  in  a  different 
fMhion.  The  frequency  of  MEPCs  was  increased  only  by  VX  (Figure  3).  MEPC 
peak  amplitude  was  enhanced  to  a  greater  degree  by  low  doses  than  by  high 
doses  of  soman,  sarin  (Figure  4) ,  and  VX,  whereas  a  dose -dependent 
•nhsnc ament  was  observed  in  the  case  of  tabun  (Figure  4) .  This  discrepancy 
between  the  effects  seen  on  peak  amplitude  of  EPCs  and  MEPCs  in  the 
presence  of  these  OPs  would  mean  an  involvement  of  a  presynaptlc  component 
in  their  effects.  By  comparing  the  I-V  plots  of  EPCs  and  MEPCs,  it  is 
possible  to  make  some  general  predictions  in  chat  both  VX  and  tabun  could 
reduce  the  relcM*  of  transmitter,  whereM  sarin  might  even  enhance  this 
rel*M*.  Indeed  our  quantal  content  experiments  with  VX  clearly  indicate 
its  efficacy  to  reduce  the  evoked  ACh  release.  A  change  in  the  affinity 
of  the  receptors  to  ACh  could  be  an  alternate  explanation  for  the  above 
effects.  Soman,  sarin  (Figure  5)  and  VX,  at  high  concentrations  (>  10  /M) , 
caused  a  reduction  of  the  time  constant  of  MEPC  decay  (rngpC)  frbm  the 
enhanced  level  produced  by  a  low  dose.  On  the  other  hand,  tabun  at  high 
concentrations  (>  10  jtM)  caused  only  a  slight  decrease  in  rjigpc  (Figure  5). 

The  direct  interactions  of  VX  with  the  poatsynaptic  AChR  were  analyzed 
in  more  detail  at  the  single -channel  current  level.  Single -channel 
currents  were  recorded  from  frog  interosseal  muscle  fibers  (Figure  6).  VX 
at  concentrations  ranging  from  5  to  50  ^M  produced  a  concentration-  and 
voltage -dependent  shortening  of  the  channel  open  times  (Figures  7  and  8) 
without  significant  change  of  the  channel  conductance.  Unlike  neostigmine 
and  edrophonium  (12),  VX  induced  well- separated  short  pulses  with  no  clear 
bursting  activity,  indicating  a  relatively  stable  '..locked  state.  The 
reduction  in  single -channel  lifetime  correlates  well  with  the  EPC  results, 
confirming  the  hypothesis  of  an  open  channel  blockade  by  VX.  However,  in 
the  cases  of  sarin,  soman  and  tabun,  it  is  not  clear  whether  the  changes 
seen  in  the  rgpc  are  a  consequence  of  a  similar  channel -blocking  effect 
and/or  to  a  decrsMe  in  the  availability  of  the  AChR  as  usually  seen  in  a 
desensitized  state.  Sarin,  at  least,  does  not  appear  to  block  the  AChR 
channels  (Figure  9). 

In  summary,  the  four  OPs  used  in  this  study,  chough  sharing  the  common 
effect  of  inhibiting  AChE,  appear  to  induce  differential  effects  at  the 
cholinergic  synapse.  The  relevance  of  these  effects  to  the  toxic  effects 
of  these  compounds  esn  be  exploited  for  finding  better  remedies  to  Cackle 
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OP  poisoning. 

OP -oxime  interactions  in  the  rat  phrenic  nerve -diaphragm  muscle 
prepare Cion. 

Ic  is  generally  considered  chac  the  beneficial  effects  of  oximes  in  OP 
poisoning  are  due  Co  reactivation  of  phosphorylated  AChE.  To  determine  Che 
contribution  of  enzyme  reactivation  and  possible  direct  effects  of  oximes 
at  the  naruomuscular  junction  in  reversing  Che  depression  of  muscle 
function  induced  by  OF  agents,  phrenic  nerve -diaphragm  muscle  preparations 
of  Che  rat  were  used  and  twitches  (0.1  Hz)  and  tetani  (20  and  SO  Hz  nerve 
stimulation  for  4  sec  duration)  were  recorded  in  control  conditions,  in  the 
presence  of  soman  or  sarin,  and  after  application  of  HI-6  (100  uM)  or  2-PAM 
(upto  1  mM) .  HI-6  produced  almost  complete  recovery  (10-20  min)  in  both 
twitch  and  tetanic  (50  Hz)  depression  induced  by  soman  (0.1  and  0.2  uM)  and 
sarin  (0.2  and  0.4  /M) .  In  contrast,  2-PAM  was  only  effective  against 
s^rln  and  not  against  soman.  Determination  of  AChE  activity  under,  all 
conditions  is  in  progress.  The  recovery  in  muscle  was  maintained  even 
after  washing  HI-6  or  2-PAM.  It  appears  chat  depression  and  inability  of 
skeletal  muscles  to  sustain  tetanus  in  the  presence  of  OPs  are  most  likely 
due  to  direct  effects  of  OPs  at  the  AChR.  The  effectiveness  of  HI -6  in 
reversing  this  depression  could  be  through  an  action  of  this  oxime  at  the 
AChR. 

Effects  of  carbamates  and  OP  agents  on  dasensitization  at  the 
nicotinic  AChR  in  msMalian  soleus  muscle. 

Electrophyslologlcal  studies  at  the  microscopic  level  with  nerve 
agents  soman,  sarin  and  VX  and  carbamates  pyridostigmine  and  physostigmine 
have  shown  these  agents  to  act  as  agonists  at  the  AChR  with  varying 
potency.  Desensitization  with  a  drug  can  be  best  studied  by  application  of 
lontophorotic  pulses  of  ACh  (2  M)  at  8-10  Hz  in  denervatad  (12-15  days) 
soleus  muscles  of  rats.  The  muscles  were  removed  from  rats  under  ether 
anesthesia  and  perfused  in  vitro  with  physiological  solution  containing  1 
tetrodotoxin  to  prevent  spontaneous  twitching.  In  control  condition  ACh 
potentials  having  rising  phase  <  l  msec  were  obtained  by  iontophoretic 
pulses  (1  msec  in  duration)  of  ACh.  After  recording  responses  to  8  Hz 
trains  in  3  fibers  the  procedure  was  repeated  in  the  presence  of  varying 
concentrations  of  carbamate  pyridostigmine  or  OP  agents  sarin,  soman  and 
VX.  Only  the  trails  in  which  responses  to  single  stimuli  recovered 

following  tne  train  were  analyzed  for  determining  the  degree  of 
dasensitization.  Effects  of  pyridostigmine  and  OP  agents  sarin  and  VX  on 

desensitization  in  the  soleus  muscle  are  shown  in  Figure  10.  At 

concentration  >  10  /iM,  these  drugs  showed  30-50%  desensitization  which 

recovered  upon  washing.  Similar  results  were  obtained  with  soman. 

Recently,  using  forskolin,  a  specific  adenylate  cyclase  activator,  we 
and  other  investigators  have  demonstrated  that  the  process  of 
dasensitization  at  the  nicotinic  AChR  involves  cyclic  AMP-dependent 

phosphorylation  (13-15).  Preliminary  experiments  with  sarin  and 

pyridostigmine  have  shown  that  dasensitization  induced  by  these  agents  is 
enhanced  in  the  presence  of  forskolin  (1-5  /M) .  It  is  indeed  likely  that 
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dasenaitization  induced  by  carbamates  and  nerve  agencs  is  mediated  via 
second  messengers  such  as  cyclic  AMP  and  protein  kinase  C. 

Mechanism a  of  interaction  of  the  oximes  pralidoxiae  chloride  and  HI-6 
vith  or ganophosp hate -poisoned  frog  muscle. 

Oximes  such  as  pralidoxiae  chloride  (2-PaM)  have  been  considered  as 
antidotal  agents  in  OP  poisoning  because  of  their  ability  to  reactivate  the 
phosphorylated  AChE  enzyme.  Early  studies  by  Kuba  et  al.  (2)  have 
indicated  a  direct  effect  of  the  oxime  2-PAM  on  the  nicotinic  AChR.  In 
order  to  gain  more  insight  into  their  mechanisms  of  action,  the  oximes  2- 
PAM  and  HI -6  vers  tested  on  the  EPOs  recorded  from  frog  sartorlus  muscle  in 
the  absence  and  presence  of  either  Irreversible  (soman,  sarin,  tabun  or  VX) 
or  reversible  (physostigmina)  AChE  inhibitors.  EPCs  were  recorded  from  the 
frog  sciatic  nerve- sartorius  muscle  preparations.  Results  obtained  from 
EPC  analysis  vith  2-PAM  alone  disclosed  two  distinct  effects:  1)  a 
facilitation  of  EPC  peak  amplitude  at  lov  concentrations  (<  1  mM) ,  and  2)  a 
decrease  of  peak  amplitude  and  decay  time  constant  vith  higher  (>  1  mM)  2- 
PAM  concentrations  (Figure  11).  The  former  effect  could  be  due  either  to  a 
ptesynaptic  affect  or  to  an  alteration  of  postsynaptlc  processes  such  as  an 
increase  in  the  frequency  of  channel  opening,  as  seen  in  patch  clamp 
experiments.  HI-6,  on  the  other  hand,  produced  a  reduction  in  both  peak 
amplitude  and  decay  time  constant  at  doses  of  100  pM  and  above  (Figure  12) . 
There  vas  a  clear  negative  slope  conductance  seen  in  both  plots  at  membrane 
potentials  ranging  from  -100  to  -ISO  mV  at  doses  of  1  mM  and  above, 
suggesting  the  drug's  ability  to  block  the  AChR- ionic  channels  in  a 
voltage -dependent  manner. 

OP  poisoning  vas  achieved  by  perfusing  the  preparation  for  1  hr  with 
Ringer's  solution  containing  20  pM  of  OP  and  then  with  normal  Ringer's 
solution  for  1  hr  to  remove  any  excess  of  OP.  This  procedure  resulted  in  a 
maximum  Inhibition  of  ChE  as  evidenced  by  a  marked  prolongation  of  EPC 
decay  (>  3  times  that  of  control)  with  minimal  direct  effects  of  these 
compounds  on  the  endplate.  The  prolongation  of  EPC  decay  by  OP  poisoning 
was  seen  even  up  to  4  hr  after  OP  wash  in  control  experiments.  This 
allowed  us  to  test  the  effect  of  oximes  on  such  preparations  (see  Figures 
13,  14  and  15).  2-PAM  (100-500  /iM)  antagonized  the  effects  on  EPC 
parameters  of  soman  (Figure  13)  and  VX,  and  HI-6  (100-500  iM )  antagonized 
the  effects  of  soman  (Figure  14)  and  VX  (Figure  15).  Both  2-PAM  and  HI-6 
(50  /iM  to  1  mM) ,  at  membrane  potentials  between  -100  and  +  50  mV,  caused  a 
voltage- independent  reduction  in  rgpo  In  OP-poisoned  muscle,  which  nearly 
reached  control  (pre-0?)  levels.  In  addition,  especially  with  HI-6  at 
hyperpolarized  potentials,  a  ateep,  voltage -dependent  decrease  of  rgpc  was 
observed.  Similar  antagonism  by  both  of  the  oximes  against  any  if  the  four 
OPs  studied  was  observed.  However,  this  antagonistic  effect  of  oximes 
diminished  upon  their  removal  from  the  bath  (rppc  again  Increased  to  a 
level  nearer  to  pre-oxime  values) ,  thus  suggesting  that  the  antagonism  w us 
merely  a  manifestation  of  the  direct  affects  of  oximes  at  the  AChR- ionic 
channel  complex  rather  than  due  to  a  reactivation  of  the  phosphorylated 
AChE  enzyme.  This  was  supported  by  the  biochemical  studies  in  which  2-PAM 
up  to  500  fM  did  not  reactivate  the  VX- inhibited  enzyme  from  frog  sartorius 
muscle  (Table  1).  Qualitatively  similar  results  were  obtained  when  2-PAM 
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was  administered  after  the  muscle  wee  exposed  to  OPs  for  e  brief  period  of 
10  min. 

Both  these  oximes  accelerated  the  EPC  decay  in  preparations  precreated 
with  10  /M  of  Che  reversible  AChE  inhibitor  (-)  physostigmine .  Figure  16 
illustrates  such  an  interaction  between  (-)  physostigmine  and  2-PAM.  (-) 
Physostigmine  eliminated  the  voltage  dependency  of  the  EPCs  decay  time 
conacant  (Figure  14)  which  is  the  result  of  two  opposing  reactions  namely 
AChE  inhibition  leading  to  slower  EPC  decay  at  all  potentials  and  the 
channel  blocking  affect  leading  to  acceleration  of  EPC  decays  at  negative 
membrane  potentials.  Addition  of  2- PAM  caused  further  acceleration  of  EPC 
decay  at  all  potentials  indicating  a  direct  channel  blocking  action  for 
this  oxime.  Washing  the  preparation  resulted  in  slower  EPC  decay  but 
without  loss  of  voltage  sensitivity.  This  indicates  that  the  AChR  channel* 
blocking  effect  of  the  two  drugs  recovered  earlier  than  the  inhibition  of 
the  AChE  c  tzyme  by  (-)  physostigmine  at  the  frog  endplate  region.  Since 
the  acceleraticn  of  EPC  decay  by  these  oximes  is  seen  either  in  the 
presence  of  irreversible  (OP)  or  reversible  (physostigmine)  ChE  Inhibitor, 
it  is  unlikely  chat  such  an  effect  is  mediated  through  reactivation 
mechanisms . 

Whereas  in  normal  muscles  Che  stochastic  nature  of  channel-closing 
events  determines  the  decay  phase  of  the  EPC,  in  muscles  poisoned  by  an 
anticholinesterase  (antiChE)  inhibitor  rebinding  of  ACh  molecules  occurs 
during  the  decay  phase  and  results  in  a  prolongation  of  the  EPC.  Under 
circumstances  of  ChE  blockade,  it  is  possible  that  a  desensitizing  agent 
could  shorten  the  antiChE-prolonged  decay  by  preventing  receptor 
reactivation  during  the  decay  phase  of  the  EPC.  To  ascertain  whether  the 
acceleration  of  EPC  decay  by  2-PAM  and  HX-6  in  OP-treated  muscles  was  a 
consequence  of  desens itizatlor.  of  ACliR,  we  studied  the  effect  of  these 
oximes  on  che  responses  of  denervated  rat  soleus  muscle  to  micro - 
lontophoretlcally  applied  ACh.  As  shown  in  Figure  16,  neither  2-PAM  nor 
HI-6  affected  the  amplitude  of  the  ACh  pulses  in  a  train,  thus  ruling  out 
the  involvement  of  a  desenaitization  as  a  mechanism  for  oxime  effects. 

Patch  clamp  experiments  with  these  oximes  yielded  some  interesting 
observations.  2-PAM  markedly-  increased  che  frequency  of  opening  of  ACh 
channels  as  observed  in  studies  on  che  frog  single  muscle  fibers  (Figure 
18).  The  significance  of  this  effect  is  unclear;  however,  it  may  suggest 
the  role  of  "activation"  or  "prevention  of  desensltization”  of  AChRs.  This 
effect  was  not  that  marked  in  the  case  of  HI-6.  Both  2-PAM  and  HI-6 
Induced  many  brief  interruptions  during  opening  of  che  channels 
("flickering"),  which,  at  higher  concentrations,  resulted  in  bursts  of 
short-lived  open  states  (Figures  19  and  20).  The  mean  channel  open  time 
was  reduced  to  a  great  extent  by  both  oximes,  HI-6  being  most  potent  for 
this  effect  (Figure  21).  This  channel -blocking  affect  of  HI-6  correlates 
well  with  EPC  results,  in  which  this  oxime  produced  a  cle^r,  voltage- 
dependent  reduction  of  rgpc- 

In  summary,  the  voltage-dependant  reduction  of  EPC  decay  time  constant 
and  peak  amplitude  by  cximes  (especially  HI-6),  che  reversible  antagonism 
of  OP  effect  by  both  2-PAM  and  HI-6,  and  a  further  acceleration  of  EPC 


11 


decay  in  the  presence  of  physostigmine  all  indicate  clearly  the  major 
involvement  of  a  direct  action  of  oximes  at  the  ionic  channels  of  the  AChR. 
the  reduction  of  both  mean  single-channel  lifetime  and  conductance  in  the 
presence  of  2 -PAM  and  HI-6,  seen  in  our  patch  clamp  studies,  confirms  the 
above  hypothesis.  It  may  be  concluded  that  the  AChR  channel-blocking 
effects  of  oximes  may  form  one  of  the  major  mechanisms  by  which  these  drugs 
antagonize  OP  effects. 


Correlation  of  the  microphysiology  of  carbamate  anticholinesterases 
end  the  endpleta  myopathy  in  rat  soleus  muscles. 

It  has  recently  been  established  that  two  different  carbamates, 
physostiguina  and  neostigmine,  have  strikingly  different  microphysiological 
effects  on  nicotinic  receptor/ion  channel  complexes.  Physostigmine  has  a 
weak  nicotinic-agonist  effect  and  a  strong  channel-blocking  effect,  whereas 
neostigmine  has  a  strong  cholinergic -agonist  effect  and  produces  little 
channel  block.  In  order  to  determine  whether  these  differences  can  result 
in  differing  patterns  of  subjunctional  myopathy  at  voluntary  neuromuscular 
junctions,  we  used  concentrations  of  the  two  drugs  which  produce  identical 
levels  of  Inhibition  (50%)  of  whole -blood  AChE  activity.  Furthermore,  we 
applied  the  drugs  to  rat  soleus  In  vitro  neuromuscular  preparations  so  that 
we  could  control  the  action  potential  frequency  applied  to  the  nerves. 

A  morphometric  analysis  of  the  subjunctional  cytoplasmic  area  showed 
that  stimulation  at  5  Hz  for  1  hr  caused  a  42%  increase  (p  <  0.001).  In 
contrast,  exposure  to  neostigmine  for  1  hr  without  stimulation  caused  a 
253%  increase  over  the  control  value.  Subsequent  stimulation  at  5  Hz 
further  expanded  the  endplate  to  354%  of  the  control  value.  Physostigmine 
exposure  caused  a  significantly  smaller  (111%)  increrse  and  simultaneous  5 
Hz  stimulation  caused  a  much  smaller  Increment  (to  132%  of  control  value). 
We  Interpret  the  results  according  to  the  established  hypothesis  chat 
endplate  myopathy  is  driven  by  excess  cholinergic  agonism  leading  to  excess 
ion  accumulations.  Our  observations  provide  striking  evidence  that,  at 
least  under  these  controlled  conditions,  the  expected  differences  between 
the  ion  fluxes,  through  nicotinic  receptor/channei  complexes  induced  by 
these  two  drugs,  correlates  with  the  degree  of  morphological  damage 
subsequently  observed  at  the  endplates.  The  relative  resistance  of 
physostigmine -exposed  junctions  to  further  stimulation- induced  damage  is  of 
particular  significance. 

The  experiments  also  provided  an  opportunity  to  examine  the 
presynaptic  effects  of  these  two  antiChE  agents  by  electron  microscopy. 
Significant  differences  in  this  regard  are  also  documented. 

Protection  by  (+)  physostigmine ,  the  enantiomer  of  natural  physostig¬ 
mine,  against  lethality  and  myopathy  induced  by  sarin. 

Natural  (•)  physostigmine,  has  been  shown  to  be  effective  as  a 
prstreatment  drug  against  the  lethal  affects  of  sarin  (13).  In  addition, 
the  soleus  muscles  of  rats  pretrsated  with  (-)  physostigmine  (0.1  mg/kg, 
s.c.)  for  30  min  prior  to  injection  of  a  sublethal  dose  of  sarin  (0.08 
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ag/kg,  s.c. )  showed  an  86%  reduction  in  the  average  dimensions  of 
subjunctionai  lesions  1  hr  after  injection  of  sarin  (15).  Such  results  are 
usually  interpreted  to  aean  that  transitory  blockade  by  (-)  physostigmine 
protects  a  critical  portion  of  the  enzyme  froa  irreversible  phosphorylation 
by  the  organophosphorus  agent.  When  (•)  physoatigaine  was  injected  s.c. 
(0.1  ag/kg)  into  rats,  it  blocked  <10%  of  soleus  muscle  AChE. 

Since  (+)  physoatigaine  was  200-fold  less  potent  than  (-) 
physostigmine  in  inhibiting  Junctional  AChE  of  the  soleus  muscles  (In  vitro 
study),  we  used  this  compound  to  test  the  above  hypothesis.  Pretreatment 
of  feaale  Vistar  rats  (200-220  g)  with  0.1,  0.3  and  0.5  mg/kg  (+) 
physostigmine  together  with  0.5  mg/kg  atropine  (i.a. )  30  min  prior  to  a 
100%  lethal  dose  of  sarin  (s.c.)  reduced  the  lethality  to  63,  29  and  23%, 
respectively.  The  electron  micrographs  in  Figure  22  show  (A)  the  myopathic 
changes  in  a  soleus  auscla  5  days  after  an  injection  with  a  sublethal  dose 
of  sarin  (0.08  ag/kg).  Figure  22  (B)  and  (C)  shows  the  appearance  of  the 
auscles  when  the  same  dose  of  sarin  was  preceded  by  injection  of  0.1  mg/kg 
(-)  physostigaine  and  0.3  ag/kg  (+)  physostigmine,  respectively.  There  was 
a  marked  reduction  in  the  severity  and  extant  of  myopathic  damage  Induced 
by  sarin  in  these  rats  (Table  2) .  The  soleus  muscles  removed  1  hr  after 
injection  of  0.3  ag/kg  (+)  physostigmine  in  three  rats  showed  virtually  no 
inhibition  of  AChE.  One  hr  after  injection  of  a  sublethal  dose  of  sarin 
(0.08  ag/kg),  the  area  covered  by  subjunctionai  lesions  was  2018  +  163  ^m2 . 
Prr treatment  of  rats  with  (•)  and  (+)  physostigmine  before  a  lethal 
injection  of  sarin  (0.13  mg/kg)  reduced  the  subjunctionai  lesion  size  to 
273  ±  15  and  289  +  19  >ua2,  respectively  (Table  2).  Moreover,  examination 
of  the  muscles  at  day  5  after  pretreataent  with  carbamates  before  sarin 
injection  showed  no  detectable  abnormality  at  the  endplate  region.  A 
single  Injection  of  (•)  physostigmine  (0.1  mg/kg)  alone  produced  minor  but 
detectable  damage  of  the  subjunctionai  region,  which  was  interpreted  to 
result  froa  AChE  inhibition.  Therefore,  we  examined  the  effects  of  (+) 
physostigaine  injected  alone  in  rats  at  doses  of  0.1,  0.3  and  0.5  mg/kg. 
The  degree  of  myopathy  produced  by  (+)  physostigmine  was  significantly 
lower  in  comparison  to  (•)  physostigmine.  This  is  consistent  with  the  weak 
AChE- Inhibitory  activity  of  (+)  physostigmine. 

In  conclusion,  the  prophylactic  effectiveness  of  (+)  physostigmine 
against  the  toxic  effects  of  sarin  suggests  that  mechanisms  other  chan  AChE 
blockade  may  underlie  the  protection  afforded  by  carbamates  in  organophos¬ 
phorus  poisoning.  This  protection  is  most  likely  due  to  the  ability  of  (+) 
physostigmine  and  (-)  physostigmine  to  block  the  postsynaptic  AChR. 

Optical  isomers  as  powerful  tools  to  unveil  the  mechanism  by  which 
physostigaine  and  me easy lamina  protect  against  organophosphste  poisoning. 

a)  Effects  of  the  (+)  and  (•)  stereoisomers  of  physostigmine 
on  er.dplate  currents  and  single-channel  currents. 

The  (+)  stereoisomer  of  physostigmine  offered  protection  against  OP 
compounds  similar  to  that  provided  by  the  natural  (-)  isomer.  Since  (+) 
physostigmine  is  a  very  weak  antiChE  agent,  the  protection  afforded  by  this 
agent  must  not  be  related  to  the  AChE  carbaaylation- reactivation  process. 
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To  docoralno  eh*  molecular  machanisa(s)  responsible  for  cho  protection 
afforded  by  (+)  physostigmine,  a  study  was  done,  using  voltage*  and  patch* 
clasping  techniques.  (•)  physostigmine ,  at  lov  concentrations  (0.2 -2.0 
pM) ,  Increased  the  peak  amplitude  and  prolonged  the  time  constant  of  decay 
of  EFCs  recorded  froa  frog  sartorlus  muscles  (16),  effects  that  are  mostly 
due  to  the  drug's  antiChE  activity.  (+)  Fhysostlgoine  did  not  produce 
these  antiChE  type  effects  on  the  EPCs,  but  at  concentrations  >  20 
produced  blocking  effects  (Figure  23).  Both  stereoisomers  blocked  the  EPCs 
by  decreasing  the  peak  amplitude  and  shortening  the  r£  pc  in  a 
concentration*  and  voltage-dependent  manner  (ref.  16  and  Figure  23) .  rgpc 
was  decreased  with  increasing  drug  concentrations,  and  the  voltage 
sensitivity  of  rgpg  was  gradually  reduced  as  the  concentration  of  the 
blocking  agent  was  increased.  Whereas  double  exponential  decays  were 

produced  by  high  concentrations  of  (-)  physostigmine ,  at  depolarized 
potentials,  the  decay  remained  single  exponential  functions  of  time  at  all 
concentrations  of  (+)  physostigmine  tested.  These  data  suggest  that 
although  not  having  antiChE  activity  like  (•)  physostigmine,  (+) 

physostigmine  is  also  a  blocker  of  the  open  conformation  of  the  AChR. 

At  the  single-channel  current  level,  using  the  patch-clamp  technique, 
(+)  physostigmine,  like  the  natural  (-)  isomer,  acted  as  an  agonist  of  the 
AChR.  (-)  physostigmine  induced  currents  with  many  vary  fast  flickers  (16) 
while  (+)  physostigmine -activated  currents  were  well  separated  pulses 
without  flickers,  like  those  activated  by  ACh  (Figure  24).  Both  isomers 
also  blocked  their  own  channels  (see  ref.  16  and  Figures  24  and  25) . 
Although  both  isomers  acted  as  agonists,  (+)  physostigmine  activated 
channels  at  concentrations  higher  than  10  iM,  whereas  the  natural  (-) 
isomer  activated  channels  at  concentrations  higher  than  1  fM.  When  in  the 
presence  of  ACh,  each  stereoisomer  acted  as  an  open  channel  blocker, 
producing  a  concentration* dependent  decreese  in  the  channel  open  time  (ref. 
16  and  Figure  25).  (+)  physostigmine,  on  ACh-activatad  channels,  did  not 

produce  discernible  bursting  activity,  while  (-)  physostigmine  Induced 
bursts  with  many  flickers.  Therefore,  the  protection  afforded  by 
physostigmine  against  Irreversible  ChE  blockers  may  reside  in  its  ability 
to  block  the  postsynaptic  AChR  directly  in  the  early  phases  of  OF 
poisoning. 

b)  Effects  of  (+)  and  (•)  optical  Isomers  of  mecamylamine  on  endplate 
currents  and  on  s ingle -channel  currents  activated  by  acetylcholine. 

Mecamylamine  is  well  known  for  its  actions  as  a  competitive  antagonist 
of  the  nicotinic  AChR  at  the  autonomic  ganglia.  As  a  nonquatemary 
ammonium  compound  it  would  be  expected  to  gain  access  readily  to  the 
central  nervous  system.  It  has  also  been  shown  to  be  a  very  powerful 
noncompetitive  blocker  of  the  nicotinic  neuromuscular  AChR  (17).  Owing  to 
these  characteristics,  mecamylamine  was  combined  with  physostigmine  in  the 
pretreatment  regimen  against  CP  poisoning,  and  the  effectiveness  of  the 
pretreatment  was  found  to  be  greatly  enhanced  (18).  A  study  of  the  optical 
Isomers  was  done  in  order  to  determine  the  precise  mechanism(s)  responsible 
for  its  effectiveness  and  whether  or  not  the  isomers  have  different  effects 
on  the  AChR.  A  voltage-  and  time -dependent  depression  of  peak  EFC 
amplitude  wes  produced  by  the  (+)  and  (•)  isomers  (Figures  26  and  27). 
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These  affaces  vara  aore  significant  with  (+)  aecaaylaalne  as  savaaled  by  a 
marked  hystarasls  loop  observed  in  tha  current-voltage  relationship  ovar 
the  entire  range  of  hyparpolarized  potentials.  Tha  hysteresis  loop 
indicated  a  blockade  of  tha  AChR  in  closed  conforaacion.  Both  isoaers 
reduced  rjjpc  and  raaovad  the  voltage  dependence  of  this  paraaeter,  in 
accordance  with  an  open  channel  blocking  aechanisa.  (+)  Meeamylaaine  was 
acre  potent  than  <-)  aacaoylaaina  in  depressing  fgpc>  with  IC50  of  3  >jM  and 
16  pH  for  (+)  and  (-)  aecaaylaalne ,  respectively.  At  the  single -channel 
current  level,  both  isoaers  decreased  the  aeen  channel  open  tine,  an  effect 
predicted  for  open  channel  blockers.  Nevertheless,  (+)  aecaaylaalne  was 
aore  effective  in  decreasing  tha  channel  lifetisa  than  the  (•)  stere- 
oisoaer.  Both  isoaers  produced  channels  well  separated  events,  l.e.  no 
bursting  activity  was  observed.  (+)  aecaaylaalne.  as  a  powerful 
desensitizing  agent,  was  potent  in  decreasing  die  frequency  of  channel 
openings,  indicating  that  (+)  aecaaylaalne  should  be  the  aost  effective 
against  cholinergic  hyperactivation  following  OP  poisoning.  Studies  such 
as  these  are  iaportant  not  only  for  explaining  the  aeehanisa(s)  of  action 
of  agents  that  have  already  been  shown  to  be  effective  in  protecting 
against  OP  challenge,  but  also,  in  view  of  the  detailed  infornation  gained, 
in  providing  the  guidelines  for  an  accurate  prediction  of  effectiveness  of 
putative  new  prophylactic  agents. 
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Both  compounds  AC  lov  conec  aeration*  incrasssd  EPC  paak  amplitude  and 
decay  time  constant,  while  at  higher  doaaa  chav  dacraaaad  ehasa  parameters. 
Tha  former  affacc  ia  dua  to  AChE  inhibition,  whereas  tha  lactar  is 
indicative  of  a  dir act  action  on  tha  AChR. 

Note  that  aoaan  ia  aore  potant  than  sarin  in  producing  tha  blocking 
action. 
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Figure  2.  Effaces  of  VX  and  tabun  on  EPCa  recorded  from,  frog,,  sciatic 
nerve- sartorius  muscle  preparations. 

Both  compounds  ac  low  concentrations  Increased  rjrpc,  while  higher 
doeae  decreased  le.  A  facilieaelon  followed  by  depression  of  EPC  peak 
amplitude  was  induced  by  VX  in  a  dose -dependant  fashion,  whereas  only 
depression  was  observed  with  cabun  at  all  concentrations  used. 

Note  the  marked  voltage-dependant  effect  of  VX  on  both  EFC  parameters. 
There  was  a  double  exponential  decay  of  EFC  at  100  pH  VX,  the  faster  phase 
represented  by  open  squares  and  the  slower  phase  by  filled  squares  in  the 
decay  plot. 
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Tracings  A-E  ara  MEPCa  obtained  froa  a  single  call  froa  a  frog 
sarcorlua  ausda  praeraacad  with  diisopropylfluorophoaphata  (DFP)  (1  mK;  30 
ain)  and  hald  ac  *80  aV  aaabrana  potential.  Following  exposure  to  DFP,  tha 
auacla  was  waahad  for  SO  ain  before  racords  wars  obealnad  in  tha  abaanca 
(A)  and  in  tha  praaanca  of  1(B),  3  (C) ,  10  (D)  or  50  (E)  VX. 

Sona  of  tha  other  thraa  OPs  significantly  affactad  MEPC  frequency. 


MEMBRANE  POTENTIAL  (mV) 

-ISO  ->(20  — ao  -*0  0  -1M  -120  -M  -40  0 


!l5  !  •  gg  aga*n.  «gln  and  tabun  on  MSPC  oaak  anrolituda 

SftfigEflRU  Xgqa  Irai.  aaesailia — amcla  In  tha  oraaanca  of  3  x  10. T  M 
tatrodo toxin. 


Soa«n  and  aarin  incraaaad  tha  paak  aaplituda  at  lov  concantration  (1 
lM)  but  dacraaaad  cha  aaplicuda  tovarda  control  valuaa  ae  concantration*  of 
>  10  tiH.  On  tha  oehar  hand,  tabvm  cauaad  only  a  facilitatory  affact. 
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MEPC  PEAK  AMPUTOOE  (nA) 


Records  v«rs  obtained  from  isolated  frog  ousel*  fibers,  using  call* 
attached  perch  configurations .  Taop«racura  10°C.  Filter  bend  width:  3 
kHz.  Holding  potential,  *110  aV.  Hots  the  dose -dependant  blockade  of 
channel  open  elm*. 


s 
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Plgura  7.  Onan  cina  histogram  of  channel  currents.  recorded  from 
fror  lntaroaaeal  auacla.  activated  bv  ACh  In  the  presence  of  fflL. 

3 Ingle -channel  currenea  vara  racordad,  using  call-attached  parch 
configuration  with  a  pipaeta  containing  ACh  (0.3  pH)  althar  a  Iona  (A)  or 
Cogaehar  with  3  (B) ,  10  (C) ,  20  (D)  or  SO  (S)  pH  VX.  Mean  channel  opan 
tinea  aa  dacanainad  by  linaar  ragraaaion  on  cha  logarithms  of  cha  bln 
anplituda  wara  9.7  (A),  6.5  (B),  4.11  (C) ,  2.3  (D)  and  1.5  (E)  nsec. 
Potential  waa  hald  bacvaan  -120  and  '130  mV. 
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Method*  siailar  to  those  for  VX.  Holding  potential,  >165  aV.  Mots 
that  unlike  VX,  this  compound  did  noe  significantly  change  Che  mean  channel 
open  elm  up  to  a  concentration  of  SO  >iM. 


PYRIDOSTIGMINE 


*  con  10  20  RECO/snr 
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Amplitudes  of  1st  and  every  lOch  response  in  a  train  of  100  rasponsas 
vara  measured  and  expressed  a a  parcanc  aaplicuda  of  lsc  ACh  potential  in  a 
train.  For  tha  purpose  of  this  figure  rasponsas  alicitad  by  eha  90th  and 
100th  ACh  puls  a  vara  pooled  and  axprassad  as  parcsnt  of  1st  rasponsa.  In 
control  (CON)  conditions,  chara  is  only  a  10*15%  dacraaant  in  ACh  rasponsa, 
vharaaa  in  tha  presence  of  pyridostigmine  or  OP  agents  chars  is  a  30*50% 
dacraaant  in  rasponsas  due  to  dasansltlzation.  Vertical  bars  indicate  SEN 
of  values  obtained  in  at  least  3  trials  for  each  concentrations. 
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Flguro  11.  Effaces  of  2-PAM  on  EPC  soak  amlieuda  and  Cima  egnatanc 
of  EPC  doc  ay  ( .  racordad  froa  frog:  aartoriua  BUadft^ 

2-PAM  (100  )M)  IncroAood  SPC  poak  aaplituda,  ahareaa  doBOA  of  1  oM  and 
abova  daprosAAd  ic. 

Hoc#  eha  slight  daproaaion  of  rgpc  by  2-PAM  at  vary  nagaciva  holding 
poeaneiAla . 
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FlguJ*  12.  Effects  of  HI -6  on  SPC  nook  aaolleuda  and  rfry*.  recorded 
froa  frog  aarcorlua  auscla.. 

HI -6  (100  fiH )  produced  a  voltage-dependant  dapression  of  both 

parcaatars. 

Note  cha  slopa  reversal  in  both  plots  at  negative  aeabrane  potentials 
ranging  froa  *100  mV. 
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Figura  13.  So«n-2-?Mi  lotarafition  aa  azhihlcafl  by  choir „affacsa  an 

EPC  oaraaatara  racordad  froa  frog  aartoriu a  muscla. 

Traatnant  of  tha  isuacla  with  soaan  (or  any  OF)  for  1  hr  and  a 
subaaquanc  wash  with  nornol  Ringar's  solution  for  1  hr  rasultad  in  a  narkad 
anhancanant  of  and  a  slight  dacrsasa  in  ETC  paak  aarplituda .  Furthar 

troataant  with  2- PAM  coussd  a  ravarsal  of  tha  OF  affact  towards  control 
•voluas  on  both  parasMtars. 

Mots  tha  voltaga-dapandant  rsduetlon  of  r^pc  by  2-PAM  in  tha  0P- 
traatad  suscla,  which  is  aora  avidsnt  whan  cooparad  to  that  obsarvad  in  a 
praparation  untraatad  with  an  OF. 
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Figure  14.  Soman- HI -6  Interaction  as  exhibited by  Chair  effects.— an 
EPC  parameters  recorded  from  from  aartoriua  MBfiljL. 

Trucaanc  of  the  muscle  with  soman  (or  any  OP)  for  1  hr  and  a 
subsequent  wa»h  with  normal  Ringer'  a  solution  for  1  hr  raaultad  In  a  maricad 
anhancaaant  of  and  a  slight  dacraaaa  in  SPC  peak  aatplltuda.  Fur  char 

traataant  with  HI-  S  causad  a  reversal  of  tha  OP  affaet  towards  control 
values  on  both  paraaatars. 

tTota  tha  voltage-dependant  reduction  of  r^pc  by  HI-6  in  tha  0P- 
traatad  muscle ,  which  is  more  evident  whan  compared  to  chat  observed  in  a 
preparation  untreated  with  an  OP. 
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Figure  13.  VX^Hl- 6  Interaction  u  axhibltad  bv  their  effects  on  EPC 
MEMtSlia  recorded  from  frog  aartoriu  muscle. 

HI -6  alao  produced  a  reversal  of  the  effects  of  VX  (and  ocher  OFs)  on 

rEPC- 

Question:  Is  the  reversal  of  OP  effect  on  RFC  by  oxiaes  HI -6  and 

2-PAM  due  solely  to  reactivation  of  phosphorylated  AChE? 

ANSVER:  No. 
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FIgura  16.  Interaction  of  2 -PAM  vieh  ravarslbla  AChg  inhibitor  on 
rTPr  recorded  from  frog  sartoriua  muacla. 

2 -PAM  (and  also  HI-6)  produced  a  claar  daprasalon  of  rgpc  in  muacla 
praparaclona  croacod  with  cha  rovorsibla  ChB  Inhibitor  physoscigmina.  This 
afface  also  indlcaeaa  cha  dirace  afface  of  oximes  ae  tha  AChR- complex. 

Tha  bloclcada  of  rjpc  saan  in  cha  praaanca  of  2- PAM  and  HI-6  aithar 
alona  or  in  cha  praaanca  of  ChE  inhibitors  is  dua  to  chair  channel-blocking 
offsets,  as  saan  in  single-channel  studios  (saa  Flgur  os  19  and  20). 
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Flgura  17 .  Sensitivity  of  tha  axrra^ctional  region  of  tha 

abraniaailz-  ,dtn«mtttiLaBlaua.  auacli  aJL-Sht  gas  Sft,aici.gJLoncaBhQgBClcal3iX 

applied  ACh  in  tha  presence  of  2-PAM  (A)  and  HI-6  (3). 

About  AO  ACh  pulses  of  0.3  hmc  duration  war*  applied  to  cho 
extra junctional  region  at  1  Hz  and  the  resultant  potentials  vara  racordad 
intracellular ly.  Tha  aaplieudaa  of  subsequently  avokad  ACh  potantials  in 
tha  train  ara  plottad  as  percentages  of  eha  potaneial  alicitad  by  eha  first 
ACh  pulsa  in  tha  train.  ( Q  )  Control;  (  %  )  in  eha  prasanea  of  2-PAM  and 
HI-6 .  Hot  a  chat  eha  values  obeainad  in  eha  prasanea  of  drugs  ara  not 
significantly  diffarant  froa  ehosa  of  control.  Tha  insets  in  A  and  B  ara 
eha  histograms  shoving  eha  extra Junctional  sensitivity  (7/nC)  to 
ioneophoratically  applied*  ACh  in  eha  absence  and  in  tha  prasanea  of  drugs 
and  after  60  ain  wash.  Tha  bars  narked  a-d  in  A  ara  control,  2  aM  2-PAM,  4 
aM  2-PAM,  and  30  aln  after  wash,  respectively.  The  bars  a-d  in  &  ara 
control,  0.3  aM  HX-6,  1  aM  HI-6  and  60  ain  after  wash,  respectively. 
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Figure  18 . 


Single -channel  currants  vara  recorded  under  call-attached  patch 
configuration.  Each  channel  opening  was  counted  a s  a  single  event  only 
when  1C  waa  separated  froa  the  previous  closure  by  at  least  3  msec. 
Pipette  potential  was  held  at  >100  aV.  Each  lino  represents  the  mean 
number  froa  ac  least  three  separata  fibers  on  which  successful  recordings 
could  be  dona  for  a  period  of  ac  least  40  min. 
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Singla-channal  currants  were  racordad  froa  frog  isuacla  fibars  under 
cell -attached  patch  configuration  with  a  pipette  containing  ACh  aithar 
alona  or  togathar  with  dlffarant  concantrationa  of  2- PAM.  Potantial  waa 
hald  at  -140  mV. 

Ifota  cha  graded  lncraaaa  in  cha  flickarlng  of  tha  channala  and  tha 
subsequent  blockada  of  cha  charmal  open  tine.  Also,  chara  is  an  increase 
in  tha  frequency  of  channal  opaning  in  the  presence  of  2-PAM. 
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Figure  20.  Samlaa  of  ACh-activated  channel  currants . record 
Interosseal  muscle  In  cha  oraaanca  of.  various  concentrations . of 

Potential  vu  held  between  -130  end  -140  aV. 

Note  che  dreecic  reduction  in  open  elite  in  the  presence  of  HI  -6 
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A  Control  ACh,  400  nM;  M«n  fro*  savan  saparata  patchaa;  naan  opan  Etna 
-8.20  aaac;  total  nuabar  of  arvanta  -  2112. 

A  2 -PAM  50  iM  +  ACh  400  nM;  aaan  fro*  two  patchaa ;  naan  opan  tiaa  -  2.72 

■sac;  total  nuabar  of  avanta  -  2897. 

£  HI-6  50  pH  +•  ACh  400  nM;  aaan  fro*  two  patchaa;  aaan  opan  tlaa  -  0.87 
aaac;  total  nuabar  of  avanta  -  2802. 


Potantial  was  hald  batwaan  -130  and  -140  aV. 


Electron  micrographs  of  motor  endplates  of  soleus  muscles  of  the  rat.  Female  Uistar  rats 
(200-220  g)  were  injected  s.c.  with  sarin  (80  >jg/ml).  (A)  Five  days  after  a  single  sarin 
injection;  (B)  and  (C)  5  days  following  sarin  injection  as  in  (A)  except  that  100  /ig/kg  (-) 
physostigmine  and  300  /ig/kg  (+)  physos t Igmine ,  respectively,  were  injected  30  min  prior  to 


fra* 


•% 


Left:  X-V  relationship  la  the  absence  (Q)  and  in  cha  prasanca  of  (+) 
physoscigaina  0.2  (%) .  2.0  (A).  20.0  (Q).  60.0  (A)  and  120.0  mM  (fi) . 
Each  s/abol  rapreaanca  cha  naan  obcalnad  froa  ae  least  six  flbars  observed 
In  five  or  aora  auaclaa.  Errors  shown  ara  S.E.M.  Right:  Ralacionshlp 
between  ciaa  constant  of  EPC  decay  and  holding  potential.  Insec: 
Relationship  between  cha  reciprocal  of  Cha  ciaa  constant  of  EPC  decay  and 
drug  concentration.  Maabran*  potentials:  >60  (Q),  -100  (0)  and  <140 
(Q)  aV.  Solid  lines  represent  cha  bast  fit  obtained  by  linear 
regression. 
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Voltage  dependence  of  aean  channel  open  Claes  under  control  conditions 
(ACh  alone,  O  )  ^  la  the  presence  of  1  (0),  5  (A).  10  (A).  20  (Q) 
and  SO  (fl)  /jH  (+)  physostlgaine .  Inset:  aalatlonshlp  between  Che 
reciprocal  of  aean  channel  open  tiau  and  drug  concentration.  Maabrsna 
potentials:  >140  (O)  *nd  >130  (Q)  aV.  Solid  lines  represent  the  best 
fit  obtained  by  linear  regression.  Soae  points  were  pooled  together  at  20- 
a V  intervals  of  cha  holding  potential.  Each  symbol  represents  the  aean 
with  its  standard  deviation. 


(♦>  MECAMYLAMINE 


Figure  26.  Cgncingaslga.-- and . jalfiaa^«aMd«nga  <j£  aaak.  aaallmdfl 

(left)  and  decay  claw  constant  fright^  of  EPCa  recorded  from  frog  sartorlua 
auaflii  in  the  presence  of  high  concentrations  of  (+)  macamylamina . 

(O)  control,  (0)  4,  ( )  8,  and  (A)  16  ftH  (+)  aecaaylamine .  A 
t^na-and  voltage -dependant  depression  of  cha  EPC  paak  amplitude  la  evident 
at  byparpo lari zed  pocanciala.  This  affect  was  practically  abolished  whan 
cha  duration  of  cha  conditioning  puls  a  was  shortened  froa  3  sac  to  20  aaac. 
The  hysteresis  seen  with  3-sac  conditioning  pulses  suggests  soaa  degree  of 
dasansltization  of  cha  nicotinic  AChSs.  (+)  Mecamy  lamina  also  dacraasad 
cha  decay  cine  constant  of  decay  and  induced  an  apparent  loss  of  cha 
voltage -dependence  seen  under  control  conditions ,  suggascing  a  blockade  of 
cha  Ion  channel  in  its  open  conformation. 
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Figure  27 .  CflnfiOnfiXatlgtt? and  voltaga-danandanc affects  of — ) 

MfiMOlaalaa  an  ggs M  recorded  froa  frog  aartorius  tauacla. 

Peak  asrplicuda  (left)  and  dacay  tins  conacanc  (righe)  of  EPCs  In 
conerol  conditions  (  Q  )  and  in  tha  praaance  of  high  concancrations  of  (•) 
aacaaylaaina:  (A)  8,  (□)  10,  and  (A)  16  iM. 
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Table  1 


Efface  of  2 -PAM  on  VX-  induced  acaeyleholinestaraae  Inhibition  in  frog 

aertoriue  muscle* 


Treetaent 

Acetylcholineetereee  activity 
(p«ol/j»g  prot/min) 

Enzyme  inhibition 
(%  control) 

Control 

5.55  ±  0.24 

0 

VX  20  (M 

2.25  ±  0-13 

60 

VX  20  fM  end: 

2- PAM  100  mM 

2.14  ±  0.16 

61 

2 -PAM  500  n& 

2.13  ±  0.08 

62 

2 -PAM  2  M 

3.12  ±  0.35 

44 

*  Acetylcholinesterase  activity  wee  dec* rained  by  the  method,  of  Ellmen  at 

liub  (19)  • 

Mote  the  absence  of  reactivation  of  eeetylcholinaataraea  with  100- 500  jiM 
2 -PAM.  About  16%  reectivetion  wee  noted  with  2  att  2 -PAM. 


Tab  la  2. 


Influanca  of  pretreataent  with  carbamates 
on  sub junctional  lesions  Induced  by  a  lethal  dose  of  sarin 


Sub junctional  Lesion 


Number  of 

andplatas/  Area  Perimeter  Length  Width 

Groups  Sacs  (.iM*)  (pM)  (pM)  (pM) 


Ontreated* 

40/3 

124  ±  3 

72  t  3 

27  ±  2 

Sarin  1  hr5 

49/3 

2013  ±  163 

206  +  12 

64  +  4 

Sarin  5  days 

93/3 

493  ±  47 

122  ±  7 

41  +  2 

Sarin  10  days 

34/3 

221  ±  23 

94  +  8 

33  +  3 

(+)  physoatignine  f(+)PHY] 
(+)PHY  1  hrd  40/3 

(+) PHY- sarin  1  hrd  35/3 
(+) PHY- sarin  5  days  32/3 

(  - )  physostlgaina  [  (  - ) PHY] 
(-)PHY  1  hr*  48/4 

(-)PHY- sarin  1  hr*  101/4 
(-)PHY-sarin  5  days  93/3 


183  +  20 

74  +  3 

29  +  3 

289  +  19c 

90  +  3® 

'34  +  2® 

Indistinguishable 

from  normal 

controls 

228  t  24 

76  +  3 

29  +  3 

273  ±  15® 

89  +  3® 

29  +  1® 

indistinguishable 

from  normal 

controls 

10  ±  1 

46 
20 
12 


10 

12 


10 

12 


These  values  for  the  size  of  the  endplata  sarcoplasm  are  taken  from  a 
series  of  untreated  in  vivo  muscles.  The  comparison  is  meant  to 
provide  general  guidance. 

The  animals  were  injected  with  a  subcutaneous  dose  of  sarin  (0.08 
ag/kg)  and  sacrificed  1  hr,  5  days  and  10  days  later  for  mox-phological 
studies; 

The  values  for  (+)PHY  (0.3  mg/kg)  pretreataent  prior  to  a  lethal  dose 
of  sarin  (0.13  ag/kg)  vers  significantly  smaller  than  those  observed 
after  a  sublethal  dose  sarin  (0.30  ag/kg)  alone,  P<0.001.  Similarly 
significant  differences  were  found  when  (-)physoscigmine  was  used. 

The  animals  were  either  injected  with  (+)PHY  (0.3  ag/kg)  alone  and 
sacrificed  1  hr  later  or  pro  treated  with  this  dose  for  30  ain  before 
Injection  of  a  lethal  dose  of  sarin  (0.13  ag/kg)  and  sacrificed  1  hr 
later  or  at  day  5; 

The  sequence  of  treatment  was  the  same  as  in  the  previous  group,  except 
che  drug  used  was  (-)PHY  (0.1  ag/kg). 
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